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ONE-DIMENSIONAL CONDUCTANCE IN SILICON MOSFET'S

A. Harutein, R. A. Webb. A. B. Fowler and J. J. Wainer

IBM - Thomas J. Watson Research Center
Yorktown Heights, New York

A review s given of exp on the d of 1-D
MOSFET's The types of samples studied, the phenomena observed
and our theoretical understanding of these phenomena are discussed.
Particular attention is given 1o the strong localization regime and the
structure in the conductance as a function of gate voltage.

Over the last several years there bas been considerable interest in the conduc-
tance of 1-D systems. This has been prompied at feast in part by the growing body
of novel theoretical predictions, as well as the recent possibility of making such

sysiems. The range of ph: nom- 1a which can be studied in 1-D systems is guite large.

1t is possible to study both strong and weak locali Itis ptually possible to

study 1-D subband structure atising from size quantization in an e}

¥ panicie.
in-a-box picture It is slso possible to explore the occurrence of resopant tunneling

pbenomens (1.2) in the 1-D system

The first 1-D MOSFET's reported showed strong localization behavior (3.4).
The i ducti h

was by variable range hopping. and a transition
was observed between |-D and 2-D behavior. This work was done on pinched
accumulation layes samples. Other workers (5-7) have explored the wesk localiza-

tion repme, looking at both and magn d to elucidate the
physics This work was done usiog both parrow gate (3,6) and pinched type (7)

ssples  In the pinched accumulation layer type samples the experiments suggest a

depanture from lowest order weak locatization behavior. A ble feature of sl of
thcse exp s the of in the d as 8 M ion of
gute voitage The structure was particularly lasge in the first pinched sccumulation
iayer ssmples. In the main body of this paper we wil! present detailed data on this

d its origin.

, and try to

The use of inversion lsyer and accumulation layer MOSFET's o study the physics
of a 2-D electron gas has been extremely important (8). Probably the single most
important [eature of these systems is the ability to vasy the Fermi energy in the
system simply by controlling the gate voltage. This can be used as 8 powerful (ool
in the MOSFET system an electric field perpendicular to the interface b silicon

and silicon dioxide prod an interface charge suffici narrow to ize the

electron or hole wave functions perpendicular (o the surface. The carriers are still

free to move paraliel (o the surface and thus form s 2-D electron gas as long as the

P is small pared to the energy leve! spacing for motion perpendicular to

the surface.

In recent years 1-D MOSFET samples have been produced by a variety of
techniques in order to explcit the ability to vary the Fermi level position to study the
physics of conduction in a 1-D system. The most obviou: technique for obtaining a
1-D MOSFET is to use a namow gate. Optical lithography (6) has been used to
produce gates as narrow as 400 nm. Electron beam lithography (5) has been used to
produce gatcs as narrow as 100 nm. These techniques suffer from the drawback that
width variations of 5 - 10% are typically obtained. Shadowing techniques (9) can
result in gates as parrow as 10 - 20 am. However, results obtained on samples
produced by this method have not yet been published. All of these samples suffer
from » blem that the d

P!

curves exhibit a rather large hysteresis

as a function of gate voltage and irreproducibility afser th cycling. This proba-
bly results from charge collecting on the surface of the device adjacent to the narrow

gate changing the effective width of the i ion layer channel. The problem is of

course most important for the narrowest di . An pt to this

P by defining s mesa

for the device (5) by reactive ion etching leaves
the sides of the device open to similar problems. This type of structure, however, has
one big sdvantage. It is readily amenable to modeiling of the potentials, energy
jevels, and electron distributions. Only the boundary conditions at the edges remain
i}-defined.

_,_1
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1-D MOSFET's can also be obtained by s technique of elecinc field pinching of
the 2-D electron gas in an accamulation layer MOSFET (3.4.7). This techaique has
no special lithography so that ph

A o hni

and well ized

both advantages and disadvaniages. It requi

can be pr d by fairly No free

surface area is located adj to the ducting ch 1, so that no bysteresis is

observed in these devices The effective width of the 1-D channe! can be altered by
voltages applied to the device

resulting devices cannot be readily

The major drawback to the technique is that the

delled, so that the effective ch | width must

be inferred from rather indirect experimental measurements. The effective width of
the conducting channel is helieved to bave been varied between 20 nm. and 1 xm_ in
our previous measurements (3.4). and from 100 am. to 2 um. by Dean and Pepper

(&3]

The sange of 1-D phenomena which can occur impose different testrictions on the
width of the sampies necessary to obscrve each phenomenon. In order to observe a
1-D vanable range hopping. it is necessary for the sample to be parrower than the
average bopping lengih for the electrons This was found to be on the order of 30
om On the other hand weak localization behavior can be observed when the sample
width is less than the inelastic scattering length. This can be greater than Tum in
these sysicms (S)  Particle in a box type behavior will be easiest to obtain in the
narrowest samples o order to observe this type of behavior it is important that the
widih of the channel be very umiform At the present time no one has presented
zonvincing evidence for particle-in-a-box type behavior

Fig 1 shows wdealized top and cross section views of our pinched accumulation
layer samples  The substrate is 10 ohm-ce n-type <100> silicon. Two n* diffusions

a1t useo o the source and drain to the t layes. The two lateral

p* diffusions are used to control the width of the lation layer. The ek

at the surface are in effect pinched into a parrow region because of the electric field
applied from these control elecirodes and srising from the built-in potential between
the p* regions and the o-type substra‘e. The separation between the control elec-

3

trodes is about 1 um, and the length of the marrow conducting region is about 10 pm
The gate oxide is 30 nm. thick, sad the gate is made of sluminum.

In the actual device, shown in Fig. 2, the dimensions are seen to be not pearly as
ideal as indicated in Fig. 1. 1n fact we have no way of ascertaining the effective
width variations in this type of device. Actually, we don't even know the width of the

conducting channel, except from our analysis of the experimental data. The effect of

an applied gate voltage is two-fold in ples of this g y. A positive gate
voltage will induce electrons at the surface, thereby changing the carrier density and
Fermi energy. Moreover, it will tend to broaden the width of the accumulation lsyer
channel. A negative bias applied to the control electrodes will pinch the channel
down to narrower widths, but will also tend to change the threshold voltage and

thereby reduce the accumulation layer carrier density.

of the drai

Our devices were measured using an AC voltage.
To avoid hot electron effects the source-drain field was generally kept below 2
mV/cm. The samples were measured in a dilution refrigerator. Great care was taken
to eliminate extraneous noise signals. In our original experiments noise beating made
any measurements below about 100 mK guestionable. In our more recent set of
measurements Lhis limit was extended to about 50 mK. The bulk of the data in our

original measurements were taken by setting a gate voltage and varying the tempera-

ture. In owr latest we d d asaf of gate

voltage for fixed temperature. Therefore, the derived temperature dependent curves

from the recent data show somewhat more scatter.

The mass of data needed to explore fully the nature of the structure in the

itated the use of an claborate data acquisition system. In

curves
order to obtain these data it was secessary to build & noise free voitage ramp and to
carefully interface the equipment to & dats acquisition system. The experimeat and
the computer system were decompled by wee of active filters on all interconnecting

lines. These measures were nocessary 10 avoid noise heating of the electrons.

",




Typica) dats oblained in this way ase shown i Fig. 3. The votable feature of

these data is the large in the d as 8 fi

of gale voliage
observed 1o this system. This structwre is reproducible i s giveo sample, but varies
from sample 10 sample. This structure was not observed 10 change over s period of

hs and fings up 0 300 K. The relative

more than sz

amplitudes of the peaks can be seen to decrease at higher gate voltages. The widths

of the peaks aze obeerved to i with i As the

ing gate voltag

1ure is raused, the peaks broaden and the smalier ones gradually disappeasr.

These data look qualitatively like peaks superimposed on 8 baseline when viewed
on a hncar scale. For this reason we will first try to understand the overall gate

voltage and p depend of the d before ing on the
peak siructures themselves. Fig 4 shows the p depend: of
tive conductasce mimima. These data were ob d in the original exp by

selecting & gate voltage and varying the temperature. As we bave discussed before
(3.4), the temperature dependence at low gate voltages is 10G ~ T-'/3, and for higher

gate voltages goes over 10 InG ~ T-'/3.

A least squared fit 10 the data was made to the form IG/Ggw -(To/T)". The
best fit esponents are shown in Fig. 5. It is cleas from this ligure that the exponent
bas a value near 1/2 for low gate voltages and shows s transition to 8 value of 1/3 st
bigher gate voll

range b g w0 2-D

We bave d this result as a transition from 1-D variable

ble range bopping in this system. This bas been discussed

i considerable detail is owr previous publicatioas (3,4) snd will sot be treated in

detasl here

if the gste voltage is increased still further, the conductance enlers a weak
localization regime. We bave obtained data covering the entire range from strong
regios and imto the weak localization regime.

 »

Bocsuse ihe width of ths accumalation layer is smalier than the inelastic scattering

5

- v

length, 1-D wsak localization behavior ia observed. These data will be discussed
elsewhere.

Onc can also obtain values for the parametss T ss & function of gate voltage

from the daws io Fig. 4. 'l'o'nduce peri 1 fl we d v’ 14
the exponents of either 1/2 or 1/3 depending on the gate voltage and th ained
least squared fits to the ining p in order to d ine To- sues of
Tq show sderable Ml [T X of gate voliage in muc! me way
that the conductance docs. In order to obtain aversged values for o, ! As

averaged over a range of gate

ltages 10 effectively ge out the peakeu suructure.
The gate voltage range employed was £.05 V. These averaged conductance values

show the same lempersture dependence as sbown in Fig. 4 for conductance minima.

The values of Tg were then d from these sged plota using a least squared
fitting routine. The results of this anslysis are shown in Fig. 6 for both the 1-D and
2-D regimes. Essentially the same results can be obtained hy analysing the conduc-
tance minima. The procedure used gives slightly higher values for Ty than using the

the fact that the behavior i the average bebav-

" L

and hasi

ior of the dats,

These results are surprising. In the 1-D segime variable range hopping theory
gives Tg = 4a/N,k, whers 1/a is the decay length of the localized wave fenctions,
Ny is the 1-D deasity of states, 3ad k i Boltzmann's constant. La the 2-D regime Ty
® 27a?/wNyk, whers N, is the 2-D density of states ot the Fermi eacrgy. Here N, is
spprozimately equal to Naw, where w la the effective channel width. All of the
To were belisved to be slowly varying functions of gate
However, Fig. 6 clearly demonstrates tbat Ty is sn exponestial function of
Jate voltags.

which d

voliage

From the curves ons obialns InTy/Too = -aV,, whers Too and & are fitting
parameters and V, is the gate voliags. hlhcl-bndnon-o.lv"nd'l‘“p-
610K. In the 2-D regime 2’ = 1.3 V' and T o' = 5.4 x 10° K. 1t is interesting to
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sule that a’/a ~ 2. This could be uadersiood if one sssumed that a varied ezponen-
nally with gate voltage. Thus is contrary to the 2-D result obtained on wide ssmples

(10), but these narrow samples appear 10 behave differently.

Let us now turn our attention to the peaked structure shown in Fig. 3. Let us
furst consder the possibility that buried beneath the mass of peaks is some systematic
struclure arising from a partcie-in-a-box quantization in our sample. In order 10

b d d
y, we fust d 8

J this values by averaging

InG; as discussed above. This was theo subtracted from the conductance curves,

leaving the structure on a zero  baselioe, G’ The correlation function

f(i'(v.)G'(V'-rAV') dV, was formed, as well as the correlation functions for other

d

powers of V‘ if any systematic structure had been evident in the

curves, it would have showed up as peaks in the corrclation functions No such
structurc was observed. The correlation functions show only smooth featureiess
behavior, except in the region, AV. ~ @, which corresponds to the width of the

mndividual peaks.

To better understand the ongin of the peaks, let us Jook at the temperature

on s peak. These data are shown in Fig. 7. It is clear

depend of the 4
that the conductance shows (wo scparate regions of temperature dependence. These

h oy

curves can be d by lly three p Tg. the slope for the
upper lemperature regios, T°, the slope for the lower temperatuse region, and &
temperature, T,, where the transition occurs. We use the aotation Ty, for the upper
temperature regon because in this region the peaks bave disappeared and the slopes
for peaks and valleys are essentially the same. It is also clear from the figure that ali

three parameters decrease with increaving gate voltage

1t s snstructive to plot the ratios T,/T, and T'/Tn as & function of gate voluage.
Thus 1s shown 10 Figs 8 snd 9. Since Ty varies exponestiaily with gate voltage, it is
clear that T, and T* both scails with Tg to first order  There is some small systematic

as wel) as 1) The full significance

7

Jependence oa gats voitage that

[ Y e

should bs i ive in

of these results is not yet clear, but these d o

ing st a diog of these

Fig. 10 shows the widths of the peaks plotted as s function of gate voliage.
These data show a general rend of increasing width with increasing gate voltage. If

the average deasity of states at these gate voltages is y

& one
might well expect ot these high carrier densities, then this shows that the energy width
of the peaks increases with increasing gate voltage. ln our carlier publications (3,4),
we argued that the peaked structure might arise from fluctuations in the density of
states. Within this model, one would expect that the lrmim.m tempersture, T'. would
be given by AE/k, the widih of the density of states peaks. Therefore, T, would be
expected 1o increase with gate voliage in a somewbat random way as shown in Fig
10. However, we have noted in Figs. 7 and 8 that T, sctually decroases with increas-
lanation for this di

ing gate voliage. We bave no

There is another quantitative reason 16 question the deasity of states mode! for
the structure. Fig. 9 shows that T'/To may obtain values as small as 0.2. The
deasity of siates model would therefore require that the peak density of states be 5
times larger thao the background for these large peaks. It is hard to see how such a
Iarge variation in the density of states could arise from random fluctuations in this

system.

Azbel (2) has suggested that the
g of el in this 1-D system. The theory shows that

in the

curves might arise

from a

electrons can tunne! through the entirc sample if the Fermi energy bas a few very

of the d

sclect values determined (rom the system. At
these particular values of gate voltage the electrons could be expected to tunnel
through the sample with a high probability, via resonant states oear the center of the
sample. This is 8 2ero temperature theory, but in a very natursl way can sccount for
the large differences in conductance. When finile temperature effects are incorporat-

with &

ed into the theory, the highest peaks are lound to &

o —

B v A

X
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ture by of i broadening of the incid k We have

Jooked carefully in all of our low temperature data for this effect. No peaks were
found that behave in this manner.

One might also consider whether or not it would be possible to have resonant
tunneling in parallel with a varisbie range hopping conductance. This might give
resonance peaks on top of s variable range hopping backgr d with the familiar InG

~ -(To/T)'"? dependence. When the data were analysed to allow for this possibility,
the experimental results were found to be incompatible with this suggestion. In effect

what we have shown is that inelastic pr as i P d in the ble range
bopping theory, are important ip this system. The of fing,
which we have lysed, have not included these p:

A dified ing theory, which adequately accounted for the

inelastic processes, might explsin our measurements. We are currently working oo
svch a theory in collaboration with M. Ya. Azbel. and the results look very eacourag-

ing.

in this paper we bave presented the results of 8 comprehensive experiment aimed
a1 understanding the origin of the peaked structure observed in all small 1-D MOS-

FET samples. We have d the ist of the peaks and the
P depend: of the d iated with the peaks. In discussing
these results, it bas been possible to i several candidate theories as possib

explanations. However, it has ot yet been possidle to blish a dete theory
which can explain all of our observations.

We thank M Ya. Azbel for many ble i on his ling
theory  We also acknowiedge the able technical assi of J. Tornello.
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Fig | - The upper part shows an idealized top view of s sample.
regions are the source and drain.
trodes.

The two n*
The p* regions are the control elec-
The width between the controls is 1-2 um, and the length of the
controls is 14 gm. The lower part shows a cross section along the dotted
line. The diffusions are about 1 um deep, and the oxide thickness is 30

nm. Potential lines are skeiched for a positive gate voltage, indicating the
narrow conducting channel.

Conductance (S)

Fig. 3 - Conductance is shown as a function of gate voltage for three temperatures.
The structure in the figure is real and not noise. In fact the resolution of
the figure is insufficient to resolve the sharpest structures.

Fig 2 - A aicrograph of the device ponding to the idealized sketch of Fig. 1.
The effective channel length is sbout 10 um.
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p is showa for several gate
voltages. The dala were obtained with source, substrate and control
electrodes grounded. The solid lines are best least squared fits.

Fig 4 - Temperature d d of the

0.55 4 Y T T T T
1-D V=0V
0.50| .
045 [ { .
o40f .
assl } } 5
030 20 .
m A A A . . ' A
3 &4 5 6 7 8 8 10
GATE VOLTAGE (V)

Fig. 5 - The exponents that best fit the dats in Fig. 4 are shown as 3 function of
gate voltage. The dots are from fits 10 the estire temperature range, while
the opes trinagios are fits 10 & restricted low wmpersture range.
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Fig. 6 - The variable range hopping perameter, T, is plottod as a function of gate
voltage for both the 1-D and 2-D regimes. It is surprising that T, varies
exponentially with gate voitage, snd that the slopes of this depeadence
vary by s factor of 2 between the 1-D and 2-D regimes.
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Fig. 7 - The temp dependeace of rep i du ima i

shown for the indicated gate vokages. Each curve shows # broak between
two differest lemperature depesdsaces. The slopss and transition temper-
atures vary sysismatically with gate voltage.
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Fig. 8 - The ratio T,/T, is plotted as a function of gate voltage for numerous
peaks. The data show a great deal of scatier and some systematic behav-
ior. Both Tg snd T, decrease rapidly with increasing gate voltage.
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Fig. 9 - The ratio T°/Ty is showa as s fuactios of gate voltage. No systematic

bebavior is .
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Magnetoconductance and Quantized Confinement
in Narrow Silicon Iiwersion Layers

W.J. Skocpol, L.D. Jackel, R.B, Howard, B.G. Craighead,
L.A, Petter, P.M. Mankiewich, P. Grabbe, and D.M. Tennant

Bel]l Laboratories, Bolmdel NU 07733, USA

We report conductance and magnetoconductance measurements on narrow sili-
con inversion layers 40-200 mo wide, with mobilities of 1000-5000 cx?/V-sec at
2 K. At high magnetic fields Shubnikov—de Haas oscillations are cbserved, but
at zero field there still is pronounced structure in the conductance versus
electron density, with irregular spacings roughly that expected from quantum
confinement (“particle in a box") associated with the lithographically defined
width.

1. Narrow Inversion Layers

We are interested in the transition from two-dimensional to one-
dimension2] conduction in the rarrow silicon inversion layers of special We-
PETs8 that contain segments of gate and channel as narrow as 40 rm. The gate
pattern is formed by electron-besm lithography and transferred to the chamnel
by reactive-ion etching, using the gate metal as a self-aligning mask. The
narrow segment is sufficiently long to dominate the resistance (conductance)
of the device. The fabeication is similar to that described pxeviously (1],
except that each device contains only a single narrow segment about 1 am long.
Also the optically patterned metallization level is tungeten, which allows
higher-temperature annealing of the devices. The lithography on chips with
devices narrower than 100 T wes written using a Phillips 400T Scanning
{Transmission) Electron Microscope with 2 nm diameter spot and 120 keV beam

17

energy; in that cese the liftoff stencil was a single well-baked layer of
polymethylmethacrylate (PMMA) 100 mm thick. (2] This gave highly uniform
widths, even in the amallest devices.

2. Shbnikov-de Haas Measurements

That such narrow ch is ch at all is p surprising. In fact

the mobility of narrow channels inferred from the . is

generally cosgarable to that of wider devices subjected to the same [rocess—
ing, i.e., the oonductance scales approximstely with the width. Devices
annealed at 450 °C can have mobilities at liquid helium temperatures greater
than 5000 ca?/V-sec. Figure la shows the Shubnikov- de Haas magnetoconduc—
tance oscillations cbeerved for such a device, approximately 140 mm wide. The
observability of oscillations at 20 kG is a clearaut indication of excellent
device quality. The epacing in gate voltage of the peaks (corresponding to
the Landau level structure of the density of etates) confioms that the elec-
tron demsity in the narrow channel can be calculated with approximstely 108
accuracy from the usual simple capacitance formula, using the measured oxide
thickness of 65 nm. Devices amnealed at lower temperatures, such as 250 °C,
have loer mobilities in the range 1000-2000 ca?/V-sec. Pigure 1b shows
Shubnikov- de Hans measurements on such a device, 110 rm wide with a 50 mm
oxide. The Landau level structure at high fields is less pranounced, as
expected, but still cbeervable.

3. One-Dimensional "Particle in a Box® Density of States?

Bven in zero magnetic field, the devioe in Figure 1b shows considerable
quasireqular structure of the conductance versus gate valtage. Such structure
tends to be mote pronounced in narrow, low conductance ssmples. By analogy to
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the Shubnjkov- de Haas effect, one expects that we are seeing structure in the
density of states. The density of states could affect the conductance either
by direct modulation of the scattering rates, or by indirect modification of
the ronmetallic localization and interactiocn effects observed in narrow sam-
rles. (1) The magnitude and tempetrature dependence of the obeerved structure ie

somewhat suggestive of the latter interpretation.

The question then becom:s whether the structure is statistical fluctua-
tions caused by the influence of inhamogenejties on the several thousand elec—
tron eigenstater in such a device, or whether it reflects a regular organiza-
tion of eigenstates caused by quantization of the transverse electron
wavefunctians. In the simplest version of the latter explanation, the energy
of the “particle in a box" eigenstates is given by
E- zo’gwm]z'sgkz
where E, depends on the shape of the potéitial well binding the inversion
layer tc the interface, p enumerates the transverse quantization, and K is a
more cloeely speced langitudinal momentum varjahle. Clearly there will be a
peak  in the density of states whenever the Femmi level reaches the bottam of
another psratolic subband. We can estimate the electron density at which this
occurs for each integer p by sumning the number of states below the bottam of
cach subband, which closely corresponds to the number determined fram the

usual 2D density of states. Thus, peaks occur when

n T W
This predicts that about a dozen busps should be cbeerved in Figure 1b, qua-
dratically spaced.

CQlearcut proof of “particle in a box* behavior requires abserving suf-
fiently reqular structure that the spacing can be seen to have the magnitude

19

and width dependence predicted by the simple thecry. Like mumerous other dewv-
jces of order 100 nm wide that we have investigated, the structure shown in
Figure 1b is sufficiently irregular that the agreement with theory is tantal-
izing, but inconclusive.
structure, but a characteristic spacing for quantitative comparison is &iffi-

Devices up to a factor of two wider still show some
cult to identify. Recently we have bequn to make devices up to a factor of
two narrower, and preliminary results are more pamising, but still Iincon-

clusive.

Figure 2 shows a comprehensive data set fram four devices varying in
width from 55 to 120 rm, all on the same chip annealed at 250 °C. The conduc-
tance (measured two-terminal) scales approximately with width. The mmbers
indicate the positions of structure predicted by the simple theory based on
the width cbserved in electron micrcgraphs. Despite the irreqularities, ane
could argue that the data shows the expected trend, since the mubers serve as
a powerful guide to the mind and eye. Cloee examination reveals, however,
that short range structure and longer~range fluctuations are pxesent in all of
the curves, and the differences are at best a subtle difference in emphasis.
Moreover, data taken on a subsequent day in the smme devices over a marrower
range of gate voltages shows different, and less oconvincing, variation of the
structure. After prolonged stress at high gate voltages our devices have
lower mobilities and moce positive thresholds, which could account for greater
disorganization of the eigenstates. MNevertheless, at the time that this is

being written, we consider the case for "particle in a box" behavior unproved.

(1] W.J. Skocpo), L.D, Jackel, E.L. Bu, R.E, Howard, and L.A. Petter, Phys.
Rev. Letters 49, 951 (1982).
{2] 8.G. Craighead, R.E, Howard, L.D. Jackel, and P.M, Mankiewich, Appl.

Phys. Letters 42, 38 (1983).
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Fiqure Captions

Figure 1. Shubnikov- de Haas oscillations in narrow devices. (a) Righ mobil-

ConovcTance (m8)

comouctancy (ae)

ity device. (b) Low mobility device. Also mote zero-field structure, particu-
larly in (b).

Figure 2. Zero-field structure in four devices of different widths an the

same chip. The small mmbers indicate the pattern of structure expected from

L

simple “particle in a box* quantization, based on the meesured devioce widths. . este vecrase "
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for high mobility samples the inelastic length is about 1 x 10°¢ m at
1 XK. In order to fabricate gate widths less than this value we have
used a combination of optical macro- and micro- photolithographic tech-
n.iques on an 1nitially wide gate structure. ¥ The design creates both &
narrov and a two dimensional channel in series, where each segment is
probed potentiometrically. The distance between probes on the narrow
section 1s 25 x 10°® m. The devices have an oxide thickness of about
3.5 = 10" m wvith maximum mobilities between 17,000 and 20,000
cm?/V-sec. After all electrical measurements were completed the width
of the narrow section was measured by scanning electron microscopy. In
order to associate a local minima in resistance with a density of state
peak, figure 2 shows the resuit of magnetoconductance measurements on a
device of width 0.3 x 10°% m at rk~5 x 1018 per m? and at 0.47 K. We
conclude that the resistance minima corresponds to a minima in lin, thus
the posation in Er of such m:nima are chosen to be the energies of the
subbands at Ky = 0. He fit these minima to

2 1S
!;}=!= i;%;h, Px (:{E:)‘: or "5 = f;l 117‘”/‘ (~‘)

for the (100 surface of silicon. wWidth variations on 0.8 x 10°% m de~
vices cause differing regions of the channel to experience density of
state peaks labelled by p to occur at different electron densities.
Thus variations 1n the resistance of the channel will be the result of a
superposition of resistance oscillations associated with each elemental
width, weighted bty the distribution of widths down the channel length.
Reduction in the width helps resolve this problem by increasing the lev-
el spacing. We report here the results on our narrowest devices to

date, Wavs 0.3 x 10°® m | Figure 3 displays the small resistance oscil-
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letions as a function of electron density at 0.5 K. At & K no oscilla-
tions are apparent; in the wide channel such oscillations are absent at
all temperatures. Por Wad.3 x 10°¢ m , ns ew2.75 x 10!'6 per m? the
level spacing from equation 6 is dnew0.2 x 1016 per m2 . The mean
spacing in the data is too small by a factor of two. We have then fitted
the data with two overlapping sets of state densities corresponding to
two vidths. Figure 4 shows the results of the fit and the deduced
widths. Figure § shows the width distribution deduced from measure-
ments made with the scanning electron microscope. The mean width of
the device is 0.3330.03 x 10°¢ m, The fact that the deduced wadth is
small